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(57) Abstract: An accelerator comprises a plurality of accelerating cells arranged to convey a beam, adjacent cells being linked by 
a coupling cell, the coupling cells being arranged to dictate the ratio of electric field in the respective adjacent accelerating cells, at 
least one coupling cell being switchable between a positive ratio and a negative ratio. Such an accelerator in effect inserts a phase 
change into the E field by imposing a negative ratio, meaning that the beam will meet a reversed electric field in subsequent cells 
and will in fact be decelerated. As a result, the beam can be developed and bunched in early cells while accelerating to and/or 
at relativistic energies, and then bled of energy in later cells to bring the beam energy down to (say) between 100 and 300 KeV. 
Energies of this magnitude are comparable to diagnostic X-rays, where much higher contrast of bony structures exists. Hence the 
accelerator can be used to take kilovoltage portal images. A suitable structure for the switchable coupling cell comprises a cavity 
containing a conductive element rotatable about an axis transverse to the beam axis, as for example set out in our earlier application 
PCT/GB99/00 1 87. The application also relates to the use of such an accelerator and an operating method for such an accelerator. 
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LOMEAR ACCELERATOR 



FIELD OF THE INVENTION 



The present invention relates to a linear accelerator. 



BACKGROUND ART 



In the use of radiotherapy to treat cancer and other ailments, a powerful beam 
of the appropriate radiation is directed at the area of the patient which is affected. 
This beam is apt to kill living cells in its path, hence its use against cancerous cells, 
and therefore it is highly desirable to ensure that the beam is correctly aimed- Failure 
to do so may result in the unnecessary destruction of healthy cells of the patient. 
Several methods are used to check this, and an important check is the use of a so- 
caiied "portal image". This is an image produced by placing a photographic plate or 
electronic imaging plate beneath the patient during a brief period of irradiation. The 



WO 01/11928 PCT/GB00/03004 

2 

beam is attenuated by the patient's internal organs and structures, leaving an image 
in the plate. This can then be checked either before complete treatment or after a 
dose, to ensure that the aim was correct. 

Portal images are however extremely difficult to interpret. The energy of the 
beam which is necessary to have a useful therapeutic effect is very much greater than 
that used for medical imaging. At these higher energies there is smaller ratio in the 
relative attenuation between bony and tissue structure, which results in portal images 
with poor contrast. Structures within the patient are difficult to discern. 

Some existing radiotherapy devices include a second radiation source which is 
adapted to produce a lower energy beam for producing a portal image. This second 
source is usually placed either alongside the principal accelerator and parallel thereto, 
or is mounted at an angle such that the entire unit is rotated about the patient to bring 
the second source into line for the portal image, following which the unit is rotated 
back for treatment. Both arrangements present difficulties in ensuring adequate 
alignment between the principal accelerator and the second source. 

It has not hitherto been possible simply to reduce the energy of the principal 
(therapeutic) accelerator, since this must operate in a relativistic mode in order to 
maintain beam quality. If the final beam energy is too low, then the beam will be non- 
relativistic at earlier parts of the accelerator, preventing satisfactory operation. 
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SUMMARY OF THE INVENTION 

The present invention therefore provides an accelerator comprising a plurality 
of accelerating cells arranged to convey a beam, adjacent cells being linked by a 
coupling cell, the coupling cells being arranged to dictate the ratio of electric field in 
the respective adjacent accelerating cells, at least one coupling cell being switchable 
between a positive ratio and a negative ratio. 

Such an accelerator is eminently suitable for therapeutic use as part of a 
radiotherapy apparatus as a phase change is in effect inserted into the E field by 
imposing a negative ratio meaning that the beam will meet a reversed electric field in 
subsequent cells and will in fact be decelerated. As a result, the beam can be 
developed and bunched in early cells while accelerating to and/or at relativistic 
energies, and then bled of energy in later ceils to bring the beam energy down to (say) 
between 100 and 300 KeV. Despite this low output energy, the beam is relativistic 
over substantially the same length of the accelerator, as previously. Energies of this 
magnitude are comparable to diagnostic X-rays, where much higher contrast of bony 
structures exists. Hence the accelerator can be used to take kiiovoltage portal images. 



It is preferred that the switchable coupling cell comprises a cavity containing a 
conductive element rotatable about an axis transverse to the beam axis. This is more 
preferably as set out in our earlier application PCT/GB99/001 87, to which specific 
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reference is mad and the contents of which are hereby incorporated by reference. 
Protection may be sought for features set out in this application in combination with 
features set out in that application. 

The application likewise relates to the use of an accelerator in which a plurality 
of accelerating cells arranged to convey a beam f and adjacent cells are linked by a 
coupling cell, the coupling cells being arranged to dictate the ratio of electric field in 
the respective adjacent accelerating cells, wherein at least one coupling cell is 
switched between a positive ratio and a negative ratio. 

Further, the application relates to an operating method for an accelerator in 
which a plurality of accelerating cells arranged to convey a beam, and adjacent ceils 
are linked by a coupling cell, the coupling cells being arranged to dictate the ratio of 
lectric field in the respective adjacent accelerating cells, wherein at least one coupling 
cell is switched between a positive ratio and a negative ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will now be described by way of example, with 
reference to the accompanying figures, in which; 



Figure 1 is a schematic illustration of a conventional linear accelerator; 
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Figure 2 shows a desirable electric field in the accelerator of figure 1 ; 
Figure 3 shows a typical electric field as "observed" by an electron being 
accelerated; 

Figure 4 shows a linear accelerator according to the present invention; 

Figure 5 shows the variations of the individual coupling coefficients between cell 
108 of figure 4 and the two adjacent coupling cells, and shows the variation of the 
ration of these coefficients as the conductive element (the vane) is rotated; 

Figures 5a and 5b proposes an explanation of figure 5; 

Figure 6 shows an electric field seen by an electron for the accelerator of figure 
4 with the rotatable element set to step down the E-field; 

Figure 7 shows a similar electric field with the rotatable element set to step up 
the E-field; and 

Figure 8 shows a still further electric field with the rotatable element set to 
r verse the E-field. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Referring to figure 1 , a conventional accelerator 1 00 has a series of accelerating 
cells such as 102. These are arranged in a linear array and communicate via an 
aperture 104 on the centreline of each. An accelerating beam of electrons passes 
along that path through each accelerating cell. Coupling cells such as 106 are 
arranged between adjacent accelerating cells and provide a degree of rf coupling 
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between acc lerating cells. This coupling r gulates an rf standing wave which is 
established in the accelerator by an external means (not shown). 

Conventionally, the cells are numbered starting at the first accelerating cell and 
sequentially for each cell of whatever type. Thus the first coupling cell, between the 
first and second accelerating cells, is cell 2. The second accelerating cell is then cell 
3. This is illustrated in figure 1, and results in accelerating cells being odd-numbered 
and coupling cells being even-numbered. 

Figure 2 shows the desired rf pattern in the cells. It should be remembered that 
the pattern is that of a standing wave illustrated at an instant in time, so the actual E 
field at a particular location oscillates between the maximum shown in figure 2 and the 
reverse field. The field is ideally positive in cell 1, zero in cell 2, negative in cell 3, 
and zero in cell 4. It then repeats this pattern of being zero in the coupling cells and 
alternating polarity in successive accelerating cells. The accelerator is sized in relation 
to the frequency of the rf standing wave such that in the time that the accelerating 
lectron moves from one cell to another, for example from cell 23 to cell 25, the 
standing wave will have completed one half cycle. As a result, the E field in cell 25 
- will, when the electron arrives, be the opposite of its value when the electron was in 
cell 23. Thus, the E field will be positive, so far as the electron observes, in every 
accelerating cell and the electron will steadily gain energy from the E field as it 
progresses. 



WO 01/1 1928 PCT/GB00/03004 

7 

In the lat r accelerating cells, th energy of th electron is such as to r nder its 
movement relativistic. As it gains energy, therefore, its speed remains substantially 
constant despite its rising kinetic energy. This allows the phase relationship between 
the rf standing wave and the progressing electron to remain fixed. It is therefore 
important that the beam remains relativistic, since it will otherwise fall out of 
synchronisation with the rf standing wave. It is not therefore possible to reduce the 
output energy of the beam by reducing the acceleration (ie the rf power) since 
although the beam would in theory be relativistic when output, it would have been 
non-relativistic for a substantial length of the accelerator and the beam would therefor 
suffer loss of phase synchronism. 

Figure 3 shows a plot of the likely actual E field as observed by the electron 
during its passage through the accelerator. It can be seen that there are a number of 
points corresponding to the centres of accelerating cavities where the E field is strong 
and positive. Between these areas the field is small and can be ignored. Within cells, 
the field approximates to that desired. 

Figure 4 shows a linear accelerator according to the present invention. Cell 1 0 
is replaced with a variable coupling cell 1 08 which comprises a substantially cylindrical 
cavity 110 aligned transverse to the axis of the accelerator in which is placed a 
rotateable vane 112. This is as described in our earlier application PCT/GB99/001 87, 
to which the reader is referred. As described in that application, this arrangement 
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allows a wide range of ratios of coupling coefficients to be obtained. However, it is 
now further apparent that this arrangement can in fact generate a negative ratio, as 
shown in figure 5. This shows the coupling coefficients and the ratio between them 
as the vane is rotated through 360°. It will be seen in this figure that over some 
ranges of vane angle, both coupling coefficients have the same sign and hence the 
ratio between them is positive, but that over other ranges of vane angle the coupling 
coefficients have different signs and hence the ratio in negative. 

It is this ability of the arrangement to produce coupling coefficients that can 
either eb of the same sign or be of opposite signs that can permit two portions of a 
linear accelerator either to both provide acceleration of particles or for one portion to 
accelerate whilst simultaneously for the other to decelerate. 

In som regions, the ratio is very large indeed and the accelerator may well be 
unstable in these regions. However, in other areas such as between 30° and 1 80° 
on the scale as illustrated, th ratio can be vari d smoothly between a moderate 



WO 01/11928 PCT/GB00/03004 

9 

is predominantly magnetic with the axial H-field indicated by arrow ends {x and - ) 
according to whether the field points into or out of the page). 

Thus when the vane 1 1 2 is between ports 116, 118 (figure 5a) linking the 
accelerating and coupling cells, each port will see an H-field of the same polarity (e.g. 
both x ), giving rise to a positive coupling coefficient ratio and electron acceleration 
both upstream and downstream of the coupling cell. In general, these accelerating 
field strengths will differ according to the exact angular setting of the vane. 

When the vane 1 1 2 is transverse to the ports 1 1 6, 1 1 8 (figure 5b), the polarity 
of the H-fields seen by the ports will be opposite (eg x and - ) giving rise to a negative 
coupling coefficient ratio and thus electron acceleration upstream and deceleration 
downstream of the coupling cell. 

Figures 6 and 7 show the effect on the accelerating cell E fields of a coupling 
coefficient ratio greater than unity and less than unity respectively. In figure 6, after 
cell 10, the electric field experienced by the accelerating beam drops, and the beam 
will therefore gain less energy and the output energy will be less. In figure 7, after cell 
10, the electric field experienced by the accelerating beam rises, and the beam will 
therefore gain more energy and the output energy will be greater. This illustrates the 
ability of the apparatus of PCT/GB99/001 87 to vary the output energy of the beam. 
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Figure 8 shows the effect of a negative coupling coefficient ratio. The E field 
from cell 9 to ceil 1 1 is reversed, effectively a phase change in the rf standing wave. 
Thus, from cell 1 1 onwards, the beam experiences an E field which acts to decelerate 
it, ie it loses energy to the E field. Thus, the beam output can be of a very low energy 
indeed. This enables a portal image to be taken with adequate contrast. 

Attempts have previously been made to insert a phase change in the rf field by 
separating it from the beam and inserting an additional half wavelength path, but this 
raises severe difficulties in reuniting the rf and the beam. This arrangement avoids this 
difficulty entirely. 

It will of course be apparent to those skilled in the art that many variations could 
be made to the above arrangements without departing from the scope of the present 
invention. 
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CLAIMS 

1 . An accelerator comprising a plurality of accelerating ceils arranged to convey a 
beam, adjacent cells being linked by a coupling cell, the coupling cells being 
arranged to dictate the ratio of electric field in the respective adjacent 
accelerating cells, at least one coupling cell being switchable between a positive 
ratio and a negative ratio. 

2. An accelerator according to claim 1 in which the beam is relativistic over 
substantially the length of the accelerator. 

3. An accelerator according to claim 1 or claim 2 in which the switchable coupling 
cell comprises a cavity containing a conductive element rotatable about an axis 
transverse to the beam axis. 

4. The use of an accelerator in which a plurality of accelerating cells are arranged 
to convey a beam, and adjacent cells are linked by a coupling cell, the coupling 
cells being arranged to dictate the ratio of electric field in the respective 
adjacent accelerating cells, wherein at least one coupling cell is switchable 
between a positive ratio and a negative ratio. 

5. An operating method for an accelerator in which a plurality of accelerating cells 
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are arranged to convey a beam, and adjacent cells are linked by a coupling cell, 
the coupling cells being arranged to dictate the ratio of electric field in th 
respective adjacent accelerating cells, wherein at least one coupling cell is 
switched between a positive ratio and a negative ratio. 

The use of an accelerator according to any one of claims 1 to 3 for taking 
kilovoltage portal images. 

An accelerator substantially as described herein with reference to and/or as 
illustrated in the accompanying figures 4 to 8. 
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respect to the wording claimed in claims 1 , 5 and 7 including plural positive and 
negative ratios. 

Furthermore, from the description it does not become how many coupling cells 
are involved providing a positive and a negative ratio (cf. page 9, lines 4 - 8: 
"coupling ceils"), or if it is the same cavity providing a positive and a negative ratio 
as probably required by claim 1 .... 

The observations under point V are made under the reservation of these possible 
discrepancies between claims and description. 

2. The requirement of Rule 6.2(a) PCT is not met (claim 10). 



3. The features of the claims are not provided with reference signs placed in ______ 

parentheses (Rule 6.2(b) PCT). 

To point V : 



Form PCT/Seoarate Sheet/409 fSheet 1> fEPO-ADril 1997) 



INTERNATIONAL PRELUffNARY Internationa! application No. PCT/G BOO/03004 

EXAMINATION REPORT - SEPARATE SHEET 



Reference is made to the following documents: 

Nuclear Instruments & Methods in Physics Research, Section - B: Beam Inter- 
actions with Materials and Atoms., vol. B10/11, no. Part 02, 1985, pages 871 - 
876 (D1) 

Workshop on the Implementation of Three-dimensional Conformal Radiotherapy, 
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1. (Novelty) 

Insofar as the subject-matter of claim 1 can be understood in view of point VI II. 1 , it 
is not anticipated by the disclosure of D1 because the coupling cell provides a 
plurality of ratio values. The subject-matter of claim 1 and thus that of claims 5 
and 7 would meet the requirement of Article 33(2) PCT. 

2. (Inventive step) 

Insofar as claim 1 can be understood in view of point VIII. 1 , it is not rendered 
obvious by the disclosure of D1 because according to this document the coupling 
cell can only provide one single negative value such that there would be no 
incentive to continuously vary the ratio obtaining a plurality of negative and 
positive values, thereby the output energy of the beam (Article 33(3) PCT). 

Document-D3-relates-to-medical-(linear)-accelerators"wherein the"problem"of 

obtaining adequate portal images is addressed. However, in D3 this problem is 
not solved by using a variable coupling ratio or a comparable technique. 



3. 



(Industrial applicability) 

The subject-matter of claims 1 - 9 meets the requirement of Article 33(4) PCT. 
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CLAIMS [Amended - PCT Chapter 11] 

1 . An accelerator comprising a plurality of accelerating cells arranged to convey a 
beam, adjacent cells being linked by a coupling cell, the coupling cells being 
arranged to dictate the ratio of electric field in the respective adjacent 
accelerating cells, at least one coupling cell being variable to allow a range of 
ratios including positive values and negative values. 

2. An accelerator according to claim 1 in which the at least one coupling cell is 
variable smoothly from a positive value to a negative value. 

3. An accelerator according to claim 1 or claim 2 in which the beam is relativistic 
over substantially the length of the accelerator. 

4. An accelerator according to any one of the preceding claims in which the 
variable coupling cell comprises a cavity containing a conductive "element 
rotatable about an axis transverse to the beam axis. 

5. The use of an accelerator in which a plurality of accelerating cells are arranged 
to convey a beam, and adjacent cells are linked by a coupiihg^ell7th^oupllng~ 
cells being arranged to dictate the ratio of electric field in the respective 
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adjacent accelerating cells, at least one coupling cell being variable to allow a 
range of ratios including positive values and negative values. 

6. Use according to claim 5 in which the at least one coupling cell is variable 
smoothly from a positive value to a negative value. 

7. An operating method for an accelerator in which a plurality of accelerating cells 
are arranged to convey a beam, and adjacent cells are linked by a coupling cell, 
the coupling cells being arranged to dictate the ratio of electric field in the 
respective adjacent accelerating cells, at least one coupling cell being variable 
to allow a range of ratios including positive values and negative values. 

8. The method of claim 7 in which the at least one coupling cell is variable 
smoothly from a positive value to a negative value. 

9. The use of an accelerator according to any one of claims 1 to 4 for taking 
kilovoltage portal images. 

10. An accelerator substantially as described herein with reference to and/or as 
illustrated in the accompanying figures 4 to 8. 
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of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 
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Date of mailing (day/mo nth/year) 
11 April 2001 (11.04.01) 




Applicant's or agent's file reference 
P57795D 


IMPORTANT INFORMATION 


International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/G BOO/03004 03 August 2000 (03.08.00) 10 August 1 999 (1 0.08.99) 


Applicant 

ELEKTAAB (publ) etal 

t 



1. The applicant is hereby informed that the International Bureau has, according to Article 31(7), notified each of the following 
Offices of its election: 

AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZ,UG,ZW 

EP :AT..BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU,MC,NL,PT,SE 

National :AU,BG,CA,CN,CZ,DE,IL,JP,KP,KR,MN,NO,NZ,PL,RO,RU,SE,SK,US 

2. The following Offices have waived the requirement for the notification of their election; the notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

OA iBF^J^CG^CM^AG^GV^ML^R^SNJD/TG 

National lAE^CAL^M^T.AZ^ABB^R^BZ^H^CU^DM^Z^ES^LGB, 

GD^E^H^M^R^UJDJNJS^E^CKZ^CL^LR^LT^U^V.M^MD^CM^MW, 

MX.MZ^T^D^CSLSLTJ^M^R^TZ^A^CUZ^N^U^ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing , if prescribed, a 
translation of the international application (Article 39(1 )(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report ( Article. 3.6(3) (b) and Rule 74.1). 

Some offices have fixed time limits expiring later than the above-mentioned time limit For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent. 
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(PCT Rule 47.1(c), first sentence) 
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DOWNING, Michael, Philip 
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DatP nf mailinn /Hav//mnnth/woar\ 
\jqvz vii 1 1 ictiiii iy \Uay/iiiUf lui/ycdr) 

15 February 2001 (15.02.01) 


Applicant's or agenf s file reference 
P57795D 


IMPORTANT NOTICE 


International application No. International filing date (day/month/year) Priority date (day/month/year) 
PCT/GB00/03004 03 August 2000 (03.08.00) 10 August 1999 (10.08.99) 


Applicant 

ELEKTAAB (publ)etal 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,KP,KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE,AG,AL,AM,AP,AT,AZMBB,BG^ 

Fl f GB,GD f GE,GH,GMm^ 

MN,MW,MX^ 

The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
15 February 2001 (15.02.01) under No. WO 01/1 1928 



REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



